Water storage tanks, fed directly from the river through opened channels, are particular systems used for water supply in rural areas in Morocco. The stored water is used as drinking water by the surrounding population without any treatment. UV-visible spectroscopy and fluorescence spectroscopy (excitation-emission matrices and synchronous fluorescence) have been tested as rapid methods to assess the quality of the water stored in the reservoirs as well as along the river feeding them. Synchronous fluorescence spectra (SFS50), collected with a difference of 50 nm between excitation and emission wavelengths, revealed a high tryptophan-like fluorescence, indicative of a pollution induced by untreated domestic and/or farm wastewater. The best correlations were obtained between the total SFS50 fluorescence and dissolved organic carbon (DOC) and biological oxygen demand, showing that the contribution of humic-like fluorescent substances cannot be neglected to rapidly assess reservoir water quality in terms of DOC by fluorescence spectroscopy.
INTRODUCTION
The lack of infrastructure, namely drinking water and sanitation networks, makes the development and sustainable management of water resources difficult in rural areas of countries such as Morocco. When drinking water is not available through a network, rainwater, surface water and groundwater are the only local water supply sources (Skinner ) . Collecting water in reservoirs is one of the solutions used to meet water needs (Sample et al. ) .
In Morocco, the traditional storage method uses cisterns or 'matfya,' which are buried in the ground to a level of three-quarters of their total height (Aziz et al. ) . These reservoirs are supplied by river and/or rainwater through channels called 'seguia' (Figure 1) . The socio-cultural behavior of the population towards water leads them to build more reservoirs than wells, as each family has a hereditary right to its share of surface water whenever it is distributed along the seguias and stored in reservoirs for its own consumption. However, these resources pose drastic problems to human and environmental health because of poor water quality and the lack of water treatment (Taylor et al. ) .
In terms of hygiene conditions, the local population does not respect their surroundings, and household rubbish and fecal waste are disposed of anywhere, which explains why runoff water is likely to contaminate the water in reservoirs.
Molecular methods have been proposed to identify human and animal sources of pollution (Griffith et al. ; Cao et al. ; Ervin et al. ) . However, these methods require highly trained staff and are expensive.
The development of appropriate monitoring systems with a rapid assessment of water quality and the performance of treatment processes is a key issue to prevent health problems (Foley et al. ) . Optical methods are particularly attractive for that purpose because they are fast and do not involve reagents that can be harmful to the environ- Our objective has been to demonstrate the interest of optical methods such as fluorescence spectrometry and absorbance spectroscopy for making rapid diagnosis of the water quality in rural environments, where potable water scarcity is an everyday issue. Table S1 in the Supplementary material, available with the online version of this paper). The sampling depth was 10 cm. The river samples were collected from downstream to upstream, at equal distance between the banks. The reservoirs and river stations were chosen according to four main characteristics: urbanization, intensity of usage, accessibility, and spatial distribution along the valley. The samples were transported to the laboratory in cold boxes on the same day and kept at 4 C in the dark until analysis began (12 h after sampling).
MATERIALS AND METHODS

Analytical methods
Temperature, pH, conductivity, and dissolved oxygen were 
UV-visible spectroscopy
The UV-visible absorbance spectrum of each filtrated sample was recorded using an Anthélie Light UV-visible spectrophotometer (Secomam, Domont, France) in a quartz cuvette (volume ¼ 3.5 mL, optical path length ¼ 1 cm) between 200 and 700 nm. The blank was performed with ultra-pure water for solvent correction.
Fluorescence spectroscopy
Two methods of fluorescence measurement were applied with different parameters on filtrated samples with a fluorometer F-2500 (Hitachi, Krefeld, Germany) equipped with a Xenon lamp, using the FL Solution 2.0 software. A quartz cuvette was used (volume ¼ 3.5 mL, optical path length ¼ 1 cm). No correction for inner-filter effect and for the Rayleigh and Raman diffusion was performed, and the spectra were collected at the sample natural pH. The blank was performed with ultra-pure water:
• excitation-emission matrix (EEM): the matrices were obtained by performing a series of emission spectra between 280 and 600 nm (wavelength step ¼ 1 nm) for excitation wavelengths between 250 and 500 nm, with a step of 5 nm.
• synchronous fluorescence: the SFS50 spectra were obtained with a fixed gap (50 nm 
RESULTS AND DISCUSSION
General characteristics
The main water quality parameters are presented in Table 1 .
Except for copper, all the parameters largely exceed the standards for drinking water production (Moroccan Drinking Water Standards ), especially in the reservoirs. The pH is slightly alkaline (average value ¼ 8) and conductivity increases in the river from upstream to downstream. Based on DOC, a spatial variability of the organic pollution is observed. The most polluted reservoirs (R4, R5 and R6) are located in the downstream section of the channel. The dissolved oxygen concentration is lower in the reservoirs than in the river and is lower than the minimal value set by the drinking water standards (5 mg/L). High ammonia concentrations were measured, especially in the reservoirs, where it varied between 0.43 and 0.58 mg/L.
The limit for potable water production is 0.5 mg/L. The nitrate concentrations in the reservoirs located farthest downstream are above the limit of 50 mg/L.
Regarding the metal contamination and with the exception of copper, which is below the limit for drinking water production (3 mg/L), zinc and lead exceed standards (set at 3 and 0.025 mg/L, respectively). Given the presence of dissolved metals (Table 1) 
Information derived from optical methods
No general correlation could be found between the absorbance at 254 nm (A254) and DOC: the coefficient of determination for a linear correlation was less than 0.1. This means that each sample is characterized by a specific ultra-violet absorbance (SUVA, at 254 nm) value (Weishaar et al. ) . The average A254 was 0.04 cm -1 (standard deviation ¼ 0.03 cm -1 ) for the river samples and 0.09 cm -1 (standard deviation ¼ 0.03 cm -1 ) for the reservoir samples.
The fluorescence data were not corrected for absorbance. This choice was made because the ultimate goal is to use the optical methods in the field, where any correction will be difficult to make.
The EEMs of samples taken along the Assif El Mal River and in the reservoirs are presented in Figures S1 (for the river stations) and S2 (for the reservoirs) in the Supplementary material (available with the online version of this paper). The peak (λ ex ≈ 285 nm, λ em centered on 380 nm) for O2, O3 and O4 stations corresponds to the tryptophan-like fluorescence (Baker ). The fluorescence intensity at λ ex ¼ 285 nm/ λ em ¼ 380 nm for O1 is much lower than for the next downstream river station (O2): 300 a.u. for O1 against 3780 for O2. O1 can therefore be considered as a reference with little or no anthropogenic influence. The global intensity of fluorescence increases between R1 and R6, and the wavelength of the maximum of emission for λ ex ≈ 280 nm increases between R1 and R5. This could be explained by an accumulation of various substances, other than tryptophan-like ones.
The fluorescence intensity of the region (λ ex ≈ 350 nm/λ em ≈ 425 nm), which can be associated with humic-like substances (fluorescence C) according to Coble et al. () , also increases, from 425 a.u. for R1 to 4012 a.u. for R5. The R6 station has an EEM slightly different from the upstream reservoirs along the channel, with a first peak around (λ ex ≈ 285 nm/λ em ≈ 380 nm) and a second peak at (λ ex ¼ 330 nm/ nature of the DOM were extracted from the emission spectrum obtained for λ ex ¼ 370 nm (Figure 2) : the wavelength of maximum fluorescence or peak wavelength (PW) and the ratio of the fluorescence intensities for the emission wavelengths of 450 and 500 nm (FR). If the PW is lower than 450 nm, the DOM is autochthonous, and if it is larger than 450 nm, the DOC is allochthonous. The fluorescence ratio (FR) is the ratio of the fluorescence intensities for the emission wavelengths of 450 and 500 nm. A value greater than 1.8 indicates an autochthonous source, while a value less than 1.5 indicates an allochthonous source.
The spectra exhibit very similar shapes except at the river station located farthest upstream (O1). This is the only station for which PW is larger than 450 nm, which could indicate an allochthonous origin. However, all the FR values (Table 2) 
Correlations between fluorescence and pollution indicators
Linear correlations with high coefficients of determination were obtained between the total synchronous fluorescence TF ¼ Ð 500 250 SFS50(λ)dλ on one hand and BOD 5 (R 2 ¼ 0.91) and DOC (R 2 ¼ 0.95) on the other (Figure 4 ). Both correlations were meaningful and could allow estimation quickly and without a sophisticated instrument BOD 5 and DOC: the calculated value of the Fisher-Snedecor test statistic F was equal to 88.3 and 155 respectively, whereas the tabulated value of F for a significance level α ¼ 0.05 is 2.02. No general correlation could be obtained between ammonia and the tryptophan-like fluorescence intensity (F285 measured at λ ex ¼ 285 nm/λ em ¼ 335 nm). Such a (Figure 5(b) ). Linear correlations between F285 and DOC (R 2 ¼ 0.88) and BOD 5 (R 2 ¼ 0.67) had lower coefficients of determinations than the correlations with the total synchronous fluorescence.
CONCLUSIONS
The high tryptophan-like fluorescence intensity detected on synchronous fluorescence spectra collected with a gap of 50 nm between excitation and emission did not correlate well with ammonia, although the intensity is typical of foul waters, polluted by untreated domestic or farm wastewater.
The tryptophan-like fluorescence intensity (F285) and
humic-like fluorescence intensity (F355) correlated well with ammonia for reservoir samples and DOC for river samples, respectively. These correlations may be sufficient to give a rapid indication of the pollution level. However, a more precise monitoring of the DOC is possible using a full SFS50 spectrum. This finding should prompt the development of portable devices able to provide this type of information, or at least dual-systems for tryptophan-like and humic-like fluorescence.
